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We introduce and investigate material junctions as a generic and tuneable electronic platform for
the realization of exotic non-Hermitian (NH) topological states of matter, where the NH character
is induced by the surface self-energy of a thermal reservoir. As a conceptually rich and immedi-
ately experimentally realizable example, we consider a three-dimensional topological insulator (TI)
coupled to a ferromagnetic lead. Remarkably, the symmetry protected TI is promoted in a dissi-
pative fashion to a non-symmetry protected NH Weyl phase with no direct Hermitian counterpart
and which exhibits robustness against any perturbation. The transition between a gapped phase
and the NH Weyl phase may be readily tuned experimentally with the magnetization direction of
the ferromagnetic lead. Given the robustness of this exotic nodal phase, our general analysis also
applies to, e.g., a two-dimensional electron gas close to criticality in proximity to a ferromagnetic
lead. There, the predicted bulk Fermi arcs are directly amenable to surface spectroscopy methods
such as angle-resolved photoemission spectroscopy.
Introduction.— While Hermiticity is a basic require-
ment on the Hamiltonian governing the dynamics of an
isolated quantum system, non-Hermitian (NH) effective
Hamiltonians have become a ubiquitous tool with appli-
cations ranging from dissipative classical optical and me-
chanical systems to various open quantum systems [1–6].
Recently, the interest in NH Hamiltonians has been fur-
ther fueled by conceptual insights relating to exceptional
degeneracies that lead to novel (topological) phases of
matter with no direct counterpart in the conventional
Hermitian realm [7–13]. In particular, a new system
of symmetry-protected NH topological phases extend-
ing the celebrated periodic table of topological insulators
known from Hermitian realm has been identified [14–24],
and fundamental amendments to the occurrence of topo-
logically protected surface states have been reported [25–
31]. So far, the main platforms for the observation of
these intriguing phenomena have been photonic systems
subject to gain and loss [32–37], even though NH self-
energies in electronic systems are in principle known to
be capable of inducing genuinely NH phenomena as well
[9, 38–48].
In this work, we propose and study material junctions
as a simple and generic electronic setting for realizing
NH topological phases. There, one side of the junction is
considered to be a thermal reservoir (lead) which induces
a self-energy on the surface of the system thus leading to
the effective NH system Hamiltonian
HNH = H + Σ
r
L(ω = 0) (1)
where H is the Hermitian Hamiltonian of the isolated
system and ΣrL(ω = 0) denotes the retarded self-energy
at the chemical potential, reflecting the coupling to the
lead. While the self-energy in general is frequency depen-
dent, approximating it with its value right at the Fermi
energy is justified for our present analysis of nodal points
[49]. As a concrete immediately experimentally feasible
kx
<latexit sha1_base64="DY+W0aRrA+T2/bii7iMkgcGkxoI=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBU0lUUDwVvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrd kANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3Y96T71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp 07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV727i0rtOo+jCEdwDKfgw SXU4Bbq0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz9iEo3V</latexit>
ky
<latexit sha1_base64="PT86L5++fLwJ/AVuqpuZCvsW0LI=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBU0lUUDwVvHisaG2hDWWz3bRLN5uwOxFC6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWn YAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUr3Y/7Wb9ac+vuDGSZeAWpQYFmv/rVG8QsjbhCJqkxXc9N0M+pRsEkn1R6qeEJZWM65F1LFY248fPZq RNyYpUBCWNtSyGZqb8nchoZk0WB7YwojsyiNxX/87ophld+LlSSIldsvihMJcGYTP8mA6E5Q5lZQpkW9lbCRlRThjadig3BW3x5mTye1b3zund3UWtcF3GU4QiO4RQ8u IQG3EITWsBgCM/wCm+OdF6cd+dj3lpyiplD+APn8wdjlo3W</latexit>
z
<latexit sha1_base64="vSRy3O2cRBG+o0EHxpfHRlChgw0=">AAAB6HicbVBNS 8NAEJ34WetX1aOXxSJ4KokKiqeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO 6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzvzThBP6IDyUPOqLFS/alXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCT q3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVS8+mW5epPHUYBjOIEz8OAKq nAHNWgAA4RneIU358F5cd6dj3nripPPHMEfOJ8/59WM+Q==</latexit>
TI
<latexit sha1_base64="AdxT9YV7Y2IV2Nl3pJJFnC5M9f4=">AAAB73icbVDLS gNBEOz1GeMr6tHLYBA8hV0V9Bj0orcIeUGyhNnJbDJkHuvMrBCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eUcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2 FDOJG1YZjltJ5piEXHaika3U7/1RLVhStbtOKGhwAPJYkawdVI762qB6veTXqnsV/wZ0DIJclKGHLVe6avbVyQVVFrCsTGdwE9smGFtGeF0UuymhiaYjPCAdhyVWFATZ rN7J+jUKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8OMySS1VJL5ojjlyCo0fR71mabE8rEjmGjmbkVkiDUm1kVUdCEEiy8vk+Z5JbioBA+X5epNHkcBjuEEz iCAK6jCHdSgAQQ4PMMrvHmP3ov37n3MW1e8fOYI/sD7/AGyio+9</latexit>
FM
<latexit sha1_base64="RzgBMmMylwnCNrB3vfpctjI2WQA=">AAAB8HicbVBNS wMxEJ3Ur1q/qh69BIvgqeyqoMeiIF6ECvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aPXBwOO9GWbmhYngxnreFyosLa+srhXXSxubW9s75d29polTTVmDxiLW7 ZAYJrhiDcutYO1EMyJDwVrh6Grqtx6ZNjxW93acsECSgeIRp8Q66SHraomvb/GkV654VW8G/Jf4OalAjnqv/NntxzSVTFkqiDEd30tskBFtORVsUuqmhiWEjsiAdRxVR DITZLODJ/jIKX0cxdqVsnim/pzIiDRmLEPXKYkdmkVvKv7ndVIbXQQZV0lqmaLzRVEqsI3x9Hvc55pRK8aOEKq5uxXTIdGEWpdRyYXgL778lzRPqv5p1b87q9Qu8ziKc ACHcAw+nEMNbqAODaAg4Qle4BVp9Ize0Pu8tYDymX34BfTxDftFj90=</latexit>
m<latexit sha1_base64="SEPmwCzGmDbNmKq0AbFFmUzjyIA=">AAAB8HicbVC7S gNBFL0bXzG+opY2g0GwCrsqaGERsLGMYGIkWcLsZDYZMo9lZlYIS77CxkIRWz/Hzr9xNtlCEw8MHM65lzn3RAlnxvr+t1daWV1b3yhvVra2d3b3qvsHbaNSTWiLKK50J 8KGciZpyzLLaSfRFIuI04dofJP7D09UG6bkvZ0kNBR4KFnMCLZOeuwJbEdRjES/WvPr/gxomQQFqUGBZr/61RsokgoqLeHYmG7gJzbMsLaMcDqt9FJDE0zGeEi7jkosq AmzWeApOnHKAMVKuyctmqm/NzIsjJmIyE3mAc2il4v/ed3UxldhxmSSWirJ/KM45cgqlF+PBkxTYvnEEUw0c1kRGWGNiXUdVVwJweLJy6R9Vg/O68HdRa1xXdRRhiM4h lMI4BIacAtNaAEBAc/wCm+e9l68d+9jPlryip1D+APv8wd7PJAs</latexit>
 
<latexit sha1_base64="0920lLGTzB3C6RQPOJgJ+zGM0Fs=">AA AB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lU0IOHghePFewHtKFstptm6e4m7G6EEvoXvHhQxKt/yJv/xk2bg7Y+GHi8N8PMvDDlTBvP+3Yqa +sbm1vV7drO7t7+gXt41NFJpghtk4QnqhdiTTmTtG2Y4bSXKopFyGk3nNwVfveJKs0S+WimKQ0EHksWMYJNIQ3SmA3dutfw5kCrxC9JHUq 0hu7XYJSQTFBpCMda930vNUGOlWGE01ltkGmaYjLBY9q3VGJBdZDPb52hM6uMUJQoW9Kgufp7IsdC66kIbafAJtbLXiH+5/UzE90EOZNpZq gki0VRxpFJUPE4GjFFieFTSzBRzN6KSIwVJsbGU7Mh+Msvr5LORcO/bPgPV/XmbRlHFU7gFM7Bh2towj20oA0EYniGV3hzhPPivDsfi9aKU 84cwx84nz8Sto48</latexit>
x
<latexit sha1_base64="5N5vXGU2TJ3AeihCnWvyr/37MPg=">AAAB6HicbVDLS gNBEOyNrxhfUY9eBoPgKexGQfEU8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2 gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOy ZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwB VW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+UfjPg=</latexit>
y
<latexit sha1_base64="mv/76ex6tya/8OMSu2DPgch9viw=">AAAB6HicbVBNS 8NAEJ34WetX1aOXxSJ4KkkV6rHgxWML9gPaUDbbabt2swm7GyGE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMviAXXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1lGiGLZYJCLVD ahGwSW2DDcCu7FCGgYCO8H0bu53nlBpHskHk8boh3Qs+YgzaqzUTAelsltxFyDrxMtJGXI0BqWv/jBiSYjSMEG17nlubPyMKsOZwFmxn2iMKZvSMfYslTRE7WeLQ2fk0 ipDMoqULWnIQv09kdFQ6zQMbGdIzUSvenPxP6+XmNGtn3EZJwYlWy4aJYKYiMy/JkOukBmRWkKZ4vZWwiZUUWZsNkUbgrf68jppVyvedaXavCnXa3kcBTiHC7gCD2pQh 3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB5byM9g==</latexit>
µL
<latexit sha1_base64="5YC2l6g/DEx4o7cnOUCOeiIm10c=">AAAB7HicbVBNS 8NAEJ3Ur1q/qh69LBbBU0mqoHgqePHgoYJpC20om+2mXbq7CbsbIYT+Bi8eFPHqD/Lmv3Hb5qCtDwYe780wMy9MONPGdb+d0tr6xuZWebuys7u3f1A9PGrrOFWE+iTms eqGWFPOJPUNM5x2E0WxCDnthJPbmd95okqzWD6aLKGBwCPJIkawsZLfF+ngflCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsixMoxwOq30U00TTCZ4RHuWSiyoD vL5sVN0ZpUhimJlSxo0V39P5FhonYnQdgpsxnrZm4n/eb3URNdBzmSSGirJYlGUcmRiNPscDZmixPDMEkwUs7ciMsYKE2PzqdgQvOWXV0m7Ufcu6o2Hy1rzpoijDCdwC ufgwRU04Q5a4AMBBs/wCm+OdF6cd+dj0Vpyiplj+APn8wesLI6R</latexit>
FIG. 1: Top: Schematic of a 3D topological insulator (TI)
coupled to a ferromagnetic metallic lead (FM) with magneti-
zation m, and in equilibrium at chemical potential µL. The
polar angle of the magnetization direction is denoted by φ,
and the red frame marks the interface (material junction).
Bottom: Illustration of the interface between the two materi-
als. Upon tuning φ, in the NH effective Hamiltonian HNH (see
Eq. (1)) describing the junction, a pair of exceptional points
with a characteristic square root dispersion appears, that are
connected by an open Fermi surface.
setup, we focus first on a three-dimensional (3D) topolog-
ical insulator (TI) [50, 51] coupled to a metallic ferromag-
netic (FM) lead (see Fig. 1 for an illustration) [44]. We
show that this system exhibits a topological phase tran-
sition that is naturally controlled by the magnetization
direction m of the FM lead. In particular, at a critical
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2polar angle φc of m, a NH Weyl phase occurs, featuring
two separated exceptional points that are connected by a
Fermi arc resulting in an emergent double Riemann sheet
topology.
Quite remarkably, in the proposed setup, the dissipa-
tive perturbation represented by the surface self-energy
promotes the time reversal symmetry (TRS) protected
semimetallic surface Dirac cone of the 3D TI to a non-
symmetry protected metallic NH topological phase that
is stable to any perturbation. To illustrate this behavior,
we show that even if the Hermitian surface Dirac cone of
the 3D TI is gapped out by symmetry breaking terms,
the coupling to the ferromagnetic lead overcomes these
imperfections, pushing the system into the extended NH
topological Weyl phase in a dissipative fashion. Since
this stable phase does not require fine-tuning, it can be
realized even in simpler systems, where the role of the 3D
TI is played by a near-critical 2D electron gas (2DEG)
[see Fig. 4 (b)], thus alleviating the requirement of a sym-
metry protected nodal point in the unperturbed Hermi-
tian spectrum, and making the NH Weyl phase directly
amenable to surface spectroscopy.
Microscopic model. – We study a 3D TI cubic lattice
model coupled to a ferromagnetic lead. The 3D TI may
in reciprocal space be described by the four-band Bloch
Hamiltonian [51, 52]
HTI(k) = (M − cos(kx)− cos(ky)− cos(kz)) τxσ0
+ λ(sin(ky)τzσx − sin(kx)τzσy + sin(kz)τyσ0), (2)
where σ (τ) denote the standard Pauli matrices in spin
(orbital) space, λ is a spin-orbit coupling strength, M is
the Dirac mass parameter, length is measured in units of
the lattice constant, and energy in units of the hopping
strength. The FM lead is in reciprocal space described
by the Bloch Hamiltonian
HL(k) =− 2t (cos(kx) + cos(ky))σ0 − 2tz cos(kz)σ0
− µLσ0 + m · σ, (3)
where t is the hopping strength in the xy-plane, tz de-
notes the hopping strength in the z-direction, the chem-
ical potential is represented by µL, and m is the magne-
tization. We find that an anisotropic band mass in the
lead (tz 6= t) may quantitatively support the NH Weyl
phase, but our main qualitative results remain unchanged
in the simplest case t = tz. To model the coupling be-
tween the system and the lead, we consider a half-space
geometry in the z-direction, where z > 0 is the realm
of the 3D TI, while the semi-infinite lead resides in the
z ≤ 0 half space. Accounting for this half-space geom-
etry, we switch to a real space tight-binding description
in the z-direction and interface the system with the lead
by the spin-independent hopping strength VSL between
the last site of the lead (z = 0) and the first site of
the 3D TI in (z = 1). The spin dependent self-energy
kx
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<latexit sha1_base64="d4o3Ms3ALdTBru/8lcKmrFKMgQE=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4Ad7WMqw==</latexit>
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<latexit sha1_base64="EUzlFTe8XI7cIPgevxweVteEWzc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0oKJ4CIniMYh6wWcLsZJIMmccyMyuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VJ5wZ6/vf3srq2vrGZmGruL2zu7dfOjhsGpVqQhtEcaXbMTaUM0kblllO24mmWMSctuLRzdRvPVFtmJKPdpzQSOCBZH1GsHVSmHW0QA90Et5G3VLZr/gzoGUS5KQMOerd0lenp0gqqLSEY2PCwE9slGFtGeF0UuykhiaYjPCAho5KLKiJstnJE3TqlB7qK+1KWjRTf09kWBgzFrHrFNgOzaI3Ff/zwtT2r6KMySS1VJL5on7KkVVo+j/qMU2J5WNHMNHM3YrIEGtMrEup6EIIFl9eJs1qJTivVO8vyrXrPI4CHMMJnEEAl1CDO6hDAwgoeIZXePOs9+K9ex/z1hUvnzmCP/A+fwDQe5Dr</latexit>
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<latexit sha1_base64="buqwqt41l27EsUXgHsXg9xH5Lpw=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4AdjGMqg==</latexit>
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<latexit sha1_base64="d4o3Ms3ALdTBru/8lcKmrFKMgQE=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4Ad7WMqw==</latexit>
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<latexit sha1_base64="NCXoSb0xguVvv4lky9PfjdD90yo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEUUMFjBPPAZAmzk04yZHZ2mZkVQpK/8OJBEa/+jTf/xkmyB00saCiquunuCmLBtXHdbyezsrq2vpHdzG1t7+zu5fcPajpKFMMqi0SkGgHVKLjEquFGYCNWSMNAYD0YXE/9+hMqzSP5YIYx+iHtSd7ljBorPY5bNygMJbfjdr7gFt0ZyDLxUlKAFJV2/qvViVgSojRMUK2bnhsbf0SV4UzgJNdKNMaUDWgPm5ZKGqL2R7OLJ+TEKh3SjZQtachM/T0xoqHWwzCwnSE1fb3oTcX/vGZiupf+iMs4MSjZfFE3EcREZPo+6XCFzIihJZQpbm8lrE8VZcaGlLMheIsvL5NaqeidFUv354XyVRpHFo7gGE7Bgwsowx1UoAoMJDzDK7w52nlx3p2PeWvGSWcO4Q+czx8QCpB9</latexit> 0
<latexit sha1_base64="buqwqt41l27EsUXgHsXg9xH5Lpw=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4AdjGMqg==</latexit>
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<latexit sha1_base64="d4o3Ms3ALdTBru/8lcKmrFKMgQE=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4Ad7WMqw==</latexit>
R
e[
E
]
<latexit sha1_base64="EUzlFTe8XI7cIPgevxweVteEWzc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0oKJ4CIniMYh6wWcLsZJIMmccyMyuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VJ5wZ6/vf3srq2vrGZmGruL2zu7dfOjhsGpVqQhtEcaXbMTaUM0kblllO24mmWMSctuLRzdRvPVFtmJKPdpzQSOCBZH1GsHVSmHW0QA90Et5G3VLZr/gzoGUS5KQMOerd0lenp0gqqLSEY2PCwE9slGFtGeF0UuykhiaYjPCAho5KLKiJstnJE3TqlB7qK+1KWjRTf09kWBgzFrHrFNgOzaI3Ff/zwtT2r6KMySS1VJL5on7KkVVo+j/qMU2J5WNHMNHM3YrIEGtMrEup6EIIFl9eJs1qJTivVO8vyrXrPI4CHMMJnEEAl1CDO6hDAwgoeIZXePOs9+K9ex/z1hUvnzmCP/A+fwDQe5Dr</latexit>
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<latexit sha1_base64="DY+W0aRrA+T2/bii7iMkgcGkxoI=">AAAB6nicbVBNS8NA EJ3Ur1q/qh69LBbBU0lUUDwVvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBg qUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3Y96T71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVk pv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV727i0rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzpP PivDsf89aCk88cwh84nz9iEo3V</latexit>
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<latexit sha1_base64="CFocVmGrH+6WIL5NbudyDhBTCDE=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSJ4Ckmt6LHgxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoE DJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+de9Uplz/XmIKvEz0kZctR7pa9uP2FZzBUySY3p+F6KwYRqFEzyabGbGZ5SNqID3rFU0ZibYDI/dUrOrdInUaJtKSRz 9ffEhMbGjOPQdsYUh2bZm4n/eZ0Mo5tgIlSaIVdssSjKJMGEzP4mfaE5Qzm2hDIt7K2EDammDG06RRuCv/zyKmlWXP/SrdxXy7VqHkcBTuEMLsCHa6jBHdShAQwG8Ayv8OZI58 V5dz4WrWtOPnMCf+B8/gBWpI0h</latexit> 0.5
<latexit sha1_base64="hKgdJ0kJ1oeLxtUcK1N35dWQCk0=">AAAB63icbVBNS8NA EJ34WetX1aOXxSJ4MSS1oseCF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlm GG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm514NK1XO9OdAq8QtShQLNQeWrP4xJKqg0hGOte76XmCDDyjDC6azcTzVNMJngEe1ZKrGgOsjmt87QuVWGKIqVLWnQ XP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2xD8JdfXiXtmutfubWHerVRL+IowSmcwQX4cAMNuIcmtIDAGJ7hFd4c4b w4787HonXNKWZO4A+czx/AR41Y</latexit>
kx
<latexit sha1_base64="DY+W0aRrA+T2/bii7iMkgcGkxoI=">AAAB6nicbVBNS8NA EJ3Ur1q/qh69LBbBU0lUUDwVvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBg qUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3Y96T71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVk pv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV727i0rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzpP PivDsf89aCk88cwh84nz9iEo3V</latexit>
0.5
<latexit sha1_base64="CFocVmGrH+6WIL5NbudyDhBTCDE=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSJ4Ckmt6LHgxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoE DJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+de9Uplz/XmIKvEz0kZctR7pa9uP2FZzBUySY3p+F6KwYRqFEzyabGbGZ5SNqID3rFU0ZibYDI/dUrOrdInUaJtKSRz 9ffEhMbGjOPQdsYUh2bZm4n/eZ0Mo5tgIlSaIVdssSjKJMGEzP4mfaE5Qzm2hDIt7K2EDammDG06RRuCv/zyKmlWXP/SrdxXy7VqHkcBTuEMLsCHa6jBHdShAQwG8Ayv8OZI58 V5dz4WrWtOPnMCf+B8/gBWpI0h</latexit> 0.5
<latexit sha1_base64="hKgdJ0kJ1oeLxtUcK1N35dWQCk0=">AAAB63icbVBNS8NA EJ34WetX1aOXxSJ4MSS1oseCF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlm GG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm514NK1XO9OdAq8QtShQLNQeWrP4xJKqg0hGOte76XmCDDyjDC6azcTzVNMJngEe1ZKrGgOsjmt87QuVWGKIqVLWnQ XP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2xD8JdfXiXtmutfubWHerVRL+IowSmcwQX4cAMNuIcmtIDAGJ7hFd4c4b w4787HonXNKWZO4A+czx/AR41Y</latexit>
kx
<latexit sha1_base64="DY+W0aRrA+T2/bii7iMkgcGkxoI=">AAAB6nicbVBNS8NA EJ3Ur1q/qh69LBbBU0lUUDwVvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBg qUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3Y96T71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVk pv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV727i0rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzpP PivDsf89aCk88cwh84nz9iEo3V</latexit>
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<latexit sha1_base64="CFocVmGrH+6WIL5NbudyDhBTCDE=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSJ4Ckmt6LHgxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoE DJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+de9Uplz/XmIKvEz0kZctR7pa9uP2FZzBUySY3p+F6KwYRqFEzyabGbGZ5SNqID3rFU0ZibYDI/dUrOrdInUaJtKSRz 9ffEhMbGjOPQdsYUh2bZm4n/eZ0Mo5tgIlSaIVdssSjKJMGEzP4mfaE5Qzm2hDIt7K2EDammDG06RRuCv/zyKmlWXP/SrdxXy7VqHkcBTuEMLsCHa6jBHdShAQwG8Ayv8OZI58 V5dz4WrWtOPnMCf+B8/gBWpI0h</latexit> 0.5
<latexit sha1_base64="hKgdJ0kJ1oeLxtUcK1N35dWQCk0=">AAAB63icbVBNS8NA EJ34WetX1aOXxSJ4MSS1oseCF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlm GG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm514NK1XO9OdAq8QtShQLNQeWrP4xJKqg0hGOte76XmCDDyjDC6azcTzVNMJngEe1ZKrGgOsjmt87QuVWGKIqVLWnQ XP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2xD8JdfXiXtmutfubWHerVRL+IowSmcwQX4cAMNuIcmtIDAGJ7hFd4c4b w4787HonXNKWZO4A+czx/AR41Y</latexit>
kx
<latexit sha1_base64="DY+W0aRrA+T2/bii7iMkgcGkxoI=">AAAB6nicbVBNS8NA EJ3Ur1q/qh69LBbBU0lUUDwVvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBg qUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3Y96T71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVk pv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV727i0rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzpP PivDsf89aCk88cwh84nz9iEo3V</latexit>
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<latexit sha1_base64="CFocVmGrH+6WIL5NbudyDhBTCDE=">AAAB6nicbVBNS8NA EJ34WetX1aOXxSJ4Ckmt6LHgxWNF+wFtKJvtpl262YTdiVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoE DJ26nmNA4lb4Wj25nfeuLaiEQ94jjlQUwHSkSCUbTSg+de9Uplz/XmIKvEz0kZctR7pa9uP2FZzBUySY3p+F6KwYRqFEzyabGbGZ5SNqID3rFU0ZibYDI/dUrOrdInUaJtKSRz 9ffEhMbGjOPQdsYUh2bZm4n/eZ0Mo5tgIlSaIVdssSjKJMGEzP4mfaE5Qzm2hDIt7K2EDammDG06RRuCv/zyKmlWXP/SrdxXy7VqHkcBTuEMLsCHa6jBHdShAQwG8Ayv8OZI58 V5dz4WrWtOPnMCf+B8/gBWpI0h</latexit> 0.5
<latexit sha1_base64="hKgdJ0kJ1oeLxtUcK1N35dWQCk0=">AAAB63icbVBNS8NA EJ34WetX1aOXxSJ4MSS1oseCF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dtbWNza3tks75d29/YPDytFxW8epIrRFYh6rbog15UzSlm GG026iKBYhp51wcpf7nSeqNIvlo5kmNBB4JFnECDa5dOm514NK1XO9OdAq8QtShQLNQeWrP4xJKqg0hGOte76XmCDDyjDC6azcTzVNMJngEe1ZKrGgOsjmt87QuVWGKIqVLWnQ XP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2xD8JdfXiXtmutfubWHerVRL+IowSmcwQX4cAMNuIcmtIDAGJ7hFd4c4b w4787HonXNKWZO4A+czx/AR41Y</latexit>
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<latexit sha1_base64="buqwqt41l27EsUXgHsXg9xH5Lpw=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4AdjGMqg==</latexit>
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<latexit sha1_base64="d4o3Ms3ALdTBru/8lcKmrFKMgQE=">AAAB6HicbVBNS8NA EJ34WetX1aOXxSJ4Kkkt6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DD cCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6e yGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJt1sr1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeX c+lq0bTj5zBn/gfP4Ad7WMqw==</latexit>
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FIG. 2: Panels (a)-(d): Spectra of the effective two-band
model (5). Panels (e)-(f): Quantitative comparison with the
full microscopic model [see Eqs. (1-4)]. The spectrum in (a)
and (b) corresponds to the case without magnetization, i.e.
|m| = 0, leading to a conventional Dirac dispersion. In (c)-
(f) there is a finite magnetization |m| = 0.5 making an angle
φ = pi/2 relative to the z-axis (m ∼ eˆx) which leads to a
NH Weyl phase with exceptional points with a characteristic
square root dispersion in the absolute value of the gap ((c)
and (e)) which are joined by a Fermi arc node in the real part
of the spectrum (see (d) and (f)). In (e) and (f) the black
dashed (solid orange) lines indicate the effective (full micro-
scopic) model, respectively. For these examples we have used
t = 1, tz = 1.3, µL = 2 and VSL = tz/
√
3. In (e) and (f),
the value of ky = −0.083 is fixed so as to obtain a 1D cut
through in the BZ that contains the exceptional points and
the characteristic Fermi arc.
ΣrL(0) = VSLG
r
L(0)V
†
SL with the retarded lead Green’s
function GrL is then readily expressed analytically as [53]
ΣrL,σ(0) =
|VSL|2
tz
(
κσ −
√
κ2σ − 1[sgn(κσ)θ(|κσ| − 1)]
)
− i |VSL|
2
tz
√
1− κ2σθ(1− |κσ|), σ = ±, (4)
where κσ=± = (µL − 2t (cos(kx) + cos(ky))± |m|) /(2tz),
and σ = ± labels the spin-eigenstates along the quanti-
zation axis m/|m| of the FM lead.
Effective model.— While we carefully verify our pre-
dictions by comparison to the full lattice model [see Eqs.
(1-4) and Fig. 2(e) and 2(f)], we find that all qualita-
tive physical properties of the TI-FM interface can be
3understood from the effective model Hamiltonian
H˜ = λ(kyσx−kxσy) + ΣrL(0)−Bσz ≡ 0 + d·σ, (5)
where 0 ∈ C and d = dR+ idI with dR,dI ∈ R3. Equa-
tion (5) may either describe the chiral surface Dirac cone
of the 3D TI with a TRS breaking Hermitian term B,
or alternatively the low-energy theory of a near-critical
2DEG with a residual mass term B, on which we elabo-
rate further below. In both scenarios, ΣrL(0) represents
the full self-energy induced by the lead (see Eq. 4).
The effective model (5) has complex energy eigenval-
ues E± = 0±
√
d2R − d2I + 2idR · dI and exhibits excep-
tional degeneracies at E = 0 when
d2R = d
2
I and dR · dI = 0 (6)
are simultaneously satisfied. Since dR and dI are func-
tions of two continuous variables, kx and ky, the solutions
to Eq. (6) are generic, point-like, appear in pairs, and
are stable much as Hermitian Weyl points are stable in
three dimensions. At the exceptional points, however,
not only the eigenvalues but also eigenvectors coalesce
and the complex dispersion has a characteristic square
root dispersion as depicted in Fig. 1. Moreover, on the
closed curve of solutions to dR · dI = 0 in reciprocal
space the energy is purely real or imaginary depending
on the sign of d2R − d2I leading to a Re[E] = 0 Fermi arc
connecting the exceptional points.
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FIG. 3: Phase diagram of the effective model (5), defined
via the minimum absolute value of the gap extracted in the
physically relevant region |kx|, |ky| ≤ 0.7 [see Fig. 2(e) and
2(f)]. The white zero gap region characterizes the (NH) Weyl
phase, which for finite |m| emerges when the tilting angle φ
of the lead magnetization exceeds a critical value φc as shown
in (a) for B = 0. In (b), we consider the effect of finite B at
fixed |m| = 0.5. At φ 6= 0, pi, a non-symmetry protected NH
Weyl phase stable to any perturbation manifests through the
extended white region. In both plots the model parameters
are t = 1, tz = 1.3, µL = 2 and VSL = tz/
√
3.
We start with the unperturbed case of B = 0, where
we have dR = λ(ky,−kx, 0) + αm, dI = βm, with
α = Re[ΣrL,+(0) − ΣrL,−(0)]/2 and β = Im[ΣrL,+(0) −
ΣrL,−(0)]/2 [cf. Eq. (4)]. Physically, a finite α may be
understood as a Hermitian TRS breaking perturbation
induced by the FM lead, whereas β is the strength of
the spin-dependent NH perturbation that leads to the
intriguing NH phenomena reported in this work. An in-
tuitive picture is that the magnetic character of the lead
does not just entail a simple level broadening but rather
a spin-dependent matrix structure in the anti-Hermitian
part of the self-energy. This leads to a sufficiently generic
non-Hermitian effective Hamiltonian to create a pair of
exceptional points. The first condition in Eq. (6) does in-
deed have generic solutions when α2 cos2(φ) < β2, with
cos2(φ) = m2z/|m|2, which defines the regime of physi-
cal interest where the NH perturbation due to the lead
dominates the Hermitian one. Furthermore, the second
condition in Eq. (6) implies that the angle φ has to be
finite, i.e. exceptional points require that the magneti-
zation is not perpendicular to the interface. Since kx, ky
are bounded in the microscopic lattice model, for a given
parameter set we find that there is a critical angle φc that
marks the onset of the non-Hermitian Weyl physics [see
Fig. 3(a)], where the Dirac cone at |m| = 0 is extended
to a finite gapless (white) region corresponding to the NH
Weyl phase.
Now allowing for finite B in Eq. (5), we demonstrate
how the symmetry protected surface Dirac cone of the TI
is promoted to the generically stable NH Weyl phase [see
Fig. 3(b)]. Since this nodal phase persists even in the
presence of the explicitly TRS breaking perturbation B
that would gap out the Dirac surface theory of the Her-
mitian TI, a near-critical 2D Dirac system is found to
be sufficient as a starting point for realizing NH Weyl
physics. This suggests the aforementioned alternative
interpretation of Eq. (5), namely as a 2DEG close to
a transition between a 2D TI (Chern insulator) and a
trivial insulator. In both cases, varying the magnetiza-
tion vector m in the lead, the non-Hermitian terms can
overcome a small gap, thus driving the system into the
topologically stable NH Weyl phase in a large region of
the phase diagram.
Experimental signatures.— The salient property of the
NH Weyl phase discussed in this work is its metallic char-
acter which is remarkable in two regards. First, it occurs
in a symmetry breaking environment where one would
intuitively expect the TI surface to become insulating.
Second, the NH Weyl phase exhibits extensive surface
conductance due to the finite length of the Fermi arc
in reciprocal space [see Fig. 2], whereas a Hermitian
Dirac cone represents an isolated point degeneracy and
thus is semimetallic. A possible geometry for probing
the surface conductance of the NH Weyl phase is shown
in Fig. 4(a): A 3D TI surface underneath a FM lead rep-
resenting the NH Weyl region is interfaced with an un-
covered 3D TI surface that is connected to a normal lead
(NL). Since the FM lead generically entails a finite energy
shift (see Fig. 2), tuning the chemical potential of the TI
to the NH Fermi arcs automatically moves the Fermi en-
ergy of the free TI surface states away from the Dirac
point, thus making them metallic as well. While this
setting thus in principle allows for measuring a metallic
4conductance of the TI surface despite the TRS break-
ing FM lead, it is fair to say that in practice separating
bulk from surface transport properties in 3D TI materials
remains challenging. Hence, the most established exper-
imental signatures of 3D TIs so far have been spectro-
scopic properties as observed in angle resolved photoe-
mission spectroscopy (ARPES) experiments. However,
in the proposed 3D TI-FM interface the NH Weyl phase
is covered by the bulk TI from one side and the bulk FM
lead from the other side (see Fig. 4(a)).
To overcome this issue and make NH Weyl physics dis-
cussed here amenable to surface spectroscopy, the stabil-
ity of the NH Weyl phase against general perturbations
comes to the rescue in the sense that there is no need
to start from a precisely gapless Dirac cone as a Her-
mitian part of the Hamiltonian. Thus, the 3D TI with
its symmetry protected gapless surface state, may simply
be replaced by a 2DEG tuned fairly close (but not nec-
essarily exactly) to a critical point in the form of a bulk
2D Dirac cone, as realized e.g. at the transition between
a Chern insulator and a trivial phase. By putting this
near-critical 2DEG on top of a FM lead, quite generi-
cally a 2D NH Weyl phase that can be experimentally
analyzed by surface spectroscopy methods [see Fig. 4(b)]
will be stabilized in a finite parameter range [see Eq. (5)
and Fig. 3(b)].
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FIG. 4: Schematic illustrations of experimental setups in
which the NH Weyl phase (see Eq. (5) and Fig. 3) can be
probed. (a) 3D TI in proximity to a ferromagnetic lead in
which surface transport remains metallic in the NH Weyl
regime. (b) Alternative setup up with a near critical two-
dimensional electron gas (2DEG), where the NH Weyl phase
can be identified by surface spectroscopy measurements such
as ARPES.
Discussion.— In this work we have put forward ma-
terial junctions as a generic and tuneable platform for
realizing novel non-Hermitian phases of matter. In par-
ticular, our explicit example of a three-dimensional topo-
logical insulators coupled to a ferromagnetic lead shows
how opening the system to a thermal reservoir can pro-
mote a symmetry protected Hermitian topological phase
into a more robust NH state of matter that does not rely
on any symmetry, and which also does not have a direct
analog in the Hermitian realm.
In this context, we would like to contrast the NH Weyl
phase realized in our proposed setup with conventional
Hermitian Weyl semimetals. While the Hermitian Weyl
systems feature discrete band touching points, the disper-
sion is always analytic and the Hamiltonian stays diago-
nalizable at the degenerate points. In contrast, the NH
dispersion is non-analytic and at the exceptional points
two eigenvectors coalesce thus rendering the Hamilto-
nian non-diagonalizable. Moreover, the corresponding
NH Fermi arcs are different from the surface Fermi arcs of
Weyl semimetals in that they constitute open bulk Fermi
surfaces that are only augmented to closed curves by a
complementary Im[E] = 0 arc.
In photonic systems, parity-time (PT) symmetry,
which is realized by a balancing gain and loss in a classical
optical setup, plays an important role. This is because
PT symmetry leads to an extended regime of real en-
ergy eigenvalues, known as the PT-unbroken phase. In
our present electronic context, causality of the system-
lead interaction restricts the NH terms in the effective
Hamiltonian of the system to be loss-like, so as to induce
non-positive imaginary parts in the effective complex en-
ergy eigenvalues. This is easy to see as the poles of the
retarded lead Green’s function entering Eq. (1) are con-
strained to lie in the lower complex half-plane. However,
we note that practical experiments on photonic waveg-
uides also work with passive systems only exhibiting loss,
which amounts to a constant shift of a PT symmetric
spectrum along the imaginary axis [32].
Exceptional points accompanied by arc-shaped degen-
eracies have recently been observed in impressive light
scattering experiments with photonic crystals in a classi-
cal regime [7]. Our present work proposes an experimen-
tally feasible platform that paves the way towards ex-
ploring the counterpart of such genuinely NH phenomena
in quantum transport and spectroscopy experiments on
electronic quantum many-body systems. Quite remark-
ably, while the arc structures observed in photonic crys-
tals are minuscule as compared to the Brillouin zone of
the crystalline structure, here we find a quite sizable split-
ting of the exceptional degeneracies in reciprocal space,
which speaks for the quantitatively robust nature of the
predicted phenomena.
Complementary to our present approach, intriguing
proposals for NH topological phases in quantum con-
densed matter systems stemming from strong interac-
tions and disorder have been put forward [9, 38–43].
However, it is fair to say that the quantitative relevance
of those NH effects in real material systems remains to be
demonstrated. In contrast, the materials junctions stud-
ied in our present work provide a well controlled and ex-
perimentally tuneable platform for the realization of NH
topological phases. We note that interesting NH physics
induced by a lead self-energy has been reported in 1D
5(proximity induced) superconductor metal junctions in
Refs. [45–47], where the occurrence of surface states rem-
iniscent of Majorana bound states has been explained in
terms of an exceptional point transition that occurs as
a function of external parameters characterizing the 0D
junction. Moreover, Ref. 44 considered a setup simi-
lar to ours but focused instead on the gapped anoma-
lous Hall region and found that non-Hermitian effects
destroy the quantization of the Hall conductance. Here,
by contrast, we are concerned with metallic 2D surfaces
effectively described by NH models that in a whole pa-
rameter range contain exceptional points and Fermi arcs
connecting them as a function of the conserved momenta
parallel to the junction interface, thus defining stable NH
topological phases.
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